INTRODUCTION
Muscle weakness is common after treatment of critical illness in intensive care units (ICU), with a prevalence rate greater than 25% (1, 2) . Such acquired muscle weakness is characterized by profound weakness that is greater than would normally be expected from prolonged bed rest. It is therefore designated as clinically detected weakness in critically ill patients in whom there is no plausible aetiology other than critical illness (2) . Acquired weakness of limb muscles significantly limits activities of daily living (ADL) that require fundamental activities such as sit-to stand or standing and walking (3) (4) (5) , and consequently increases morbidity and delays rehabilitation and recovery from critical illness (6) . Although full recovery has been reported in approximately 50% of people with ICU-acquired muscle weakness, improvement is related to the severity of the condition. People with severe weakness may take months to improve, and may even remain severely affected (7, 8) . Focused, individual rehabilitation of people with ICU-acquired muscle weakness is therefore important (2, 9) , and physical intervention strategies have been described in the literature (2, 8, 10, 11) . A major goal of rehabilitation is to mobilize these patients to enable them to improve ADL. An important prerequisite of many ADL, and particularly of those involving walking, is functional sit-to-stand, i.e. getting up from a chair independently to be able to walk (12) . Recent longitudinal studies have described the recovery of critically ill people (13-16), but we are not aware of studies of recovery of sit-to-stand function in patients with chronic ICU-acquired muscle weakness, and the determinants for recovery remain unknown.
Therefore the aim of the General Weakness Syndrome Therapy (GymNAST) study was to describe the time course of sit-to-stand function in patients with ICU-acquired muscle weakness and to develop a multivariate risk factor model for recovery of sit-to-stand function (17) .
METHODS
Between January 2013 and March 2015 we screened all patients admitted to our post-acute ICU and recruited those who met the following criteria, as previously described (17) From the first day of admission to our post-acute ICU and rehabilitation units all patients (including those on mechanical ventilation) received individual treatment, including physiotherapy and occupational and other appropriate therapies (21) . The amount of therapy and methods were dependent on the severity of critical illness and medical indication. However, the start, content and amount of treatment in the early acute stage were not measured.
Measures and outcomes
Sit-to-stand function, the primary outcome of the GymNAST study (17) , was defined as one successful, independent sit-to-stand from a standardized chair (chair height 120% of knee height). We followed all patients for 1 year or until sit-to-stand function was reached, whichever was sooner and analysed sit-to-stand function as the first time point when sit-to-stand function was performed successfully (time to event). If a patient was discharged, died, or lost to follow-up we recorded this information (censoring).
We used the following secondary outcomes ( All assessments were administered by trained, experienced therapists. The primary outcome was measured daily, and secondary outcomes were measured from baseline (T0) every 2 weeks up to 8 weeks (T4). Baseline was defined as the first admission to our postacute hospital or to our inpatient rehabilitation centre, respectively (T0). The duration of the primary illness was defined as the time between first admission to the acute hospital due to the onset of primary illness until T0 (baseline) or until the observation of the primary outcome. The duration of study was therefore the time between T0 and observation of the primary outcome.
Ethical considerations
This study was conducted according to the principles of the Declaration of Helsinki, with approval from the local ethics commission (Sächsische Landesärztekammer, EK-BR-32/13-1/106755). The study was registered before publication (German Register of Clinical Trials, DRKS00006528).
Statistical analysis
Descriptive and inference statistics were applied dependent on the type of test and data distribution (30) . Global alpha level was set at 0.05.
The probability of regaining sit-to-stand function was calculated using the Kaplan-Meier method (31) . Univariate and multivariate Cox regression analysis with a selection of possible predictor variables for the primary outcome was used as described below (32, 33) .
Univariate analysis. Univariate Cox regression analysis was performed for the following variables: age at baseline, body mass index (BMI), sex, duration of illness, number of medical tubes (the sum of catheters and vascular access), duration of mechanical ventilation, number (the sum) of secondary diagnoses, and all secondary outcomes. Multivariate analysis and model building. All statistically significant variables (alpha level of 0.2 for selection) were candidate predictor variables, and those with the highest global χ 2 score were selected first and entered into a multivariate regression analysis (32, 33) . To remain in the multivariate model a variable had to be significant at the 0.1 level (33). The multivariate models was then compared with the remaining variables on the global score χ 2 statistic (best subset selection) and on the Akaike's information criterion (AIC) and Schwarz's Bayesian criterion (SBC) for our final multivariate model (32, 33) . The effects of the final multivariate model were expressed as hazard ratios (HRs) with 95% confidence intervals (95% CI). SAS/STAT 9.3 was used for all statistical procedures (SAS Institute Inc., Cary, NC, USA) and proportional hazards assumptions were tested with the implemented function.
RESULTS
A total of 150 patients with ICU-acquired muscle weakness were included between January 2013 and March 2015 in our GymNAST study (Fig. 1) , as described recently (21) . The baseline demographic and clinical characteristics of the patients (at T0) are shown in Table I .
Recovery of sit-to-stand function was achieved after a median of 56 days (interquartile range Q1-Q3 = 32-90 days) after rehabilitation began and after a median of 113 days (Q1-Q3 = 70-148 days) after onset of illness. Sit-to-stand function improved significantly over time (Fig. 2a and 2b) . We present the time course of recovery of sit-to-stand function as the time from study onset (Fig. 2a) and as the time after onset of illness (Fig. 2b) . We present univariate Cox proportional hazards for regaining sit-to-stand function of all predictor variables in Table II CI 0.98-1.00), and FSS-ICU (HR) = 1.12 (95% CI 1.08-1.16; see Table III) , explaining a total variance for regaining sit-tostand function of 21%.
DISCUSSION
Our study found that 50% of all included patients were able to sit-to-stand without help a median of 56 days after rehabilitation and after a median duration of illness of 113 days. Age, duration of ventilation, and FSS-ICU score at study onset explained the recovery of sit-to-stand function. To our knowledge, this is one of the first studies to explain the recovery of sit-to-stand function in patients with ICU-acquired muscle weakness. The study therefore provides a more detailed understanding of the pattern and implications for rehabilitation of activities such as sit-tostand among people with chronic ICU-acquired muscle weakness.
A recent study investigated functional recovery at 6 months among 192 mechanically ventilated ICU patients (approximately 50% had ICU-acquired weakness) (34) . In contrast to our study, the authors did not describe the detailed recovery of sit-to-stand function. Our participants all had ICU-acquired muscle weakness, were chronically ill, and the results are therefore not directly comparable with other trials in the field of ICU research.
Only those patients who were able to perform the a priori defined assessments were included in the study. Thus, the study might be limited by excluding some sedated or very agitated patients, and therefore may limit the generalizability of the results to the entire chronically critically ill population. In addition, one could argue that diagnosis of CIP and CIM as major causes of acquired muscle weakness requires clinical and electrophysiological investigation (35) . A possible limitation is therefore that we did not always provide an electrophysiological examination. Furthermore, future studies should investigate different rehabilitation strategies, e.g. electrostimulation to improve function (36) .
A further limitation could be our method of clinical assessment of muscle strength itself (37) . Future research should take into account other measures, such as muscle mass assessment using ultrasound.
Although we showed good recovery of sit-to-stand function, we have not identified which, if any, interventions were effective in achieving this function. A recent Cochrane Review described a lack of randomized trials of people with ICU-acquired muscle weakness with a defined diagnosis of CIP or CIM (38) , indicating that little is known about which therapies are effective. Future studies should include people with ICU-acquired muscle weakness with a defined diagnosis of CIP and/or CIM and investigate interventions for improving sit-to-stand function, which is an important prerequisite for ADL.
In conclusion, recovery of sit-to-stand function in people with ICU-acquired muscle weakness occurs after 2 months of rehabilitation. Higher age, longer duration of weaning from mechanical ventilation at baseline, and lower scores on the FSS-ICU scale at baseline negatively affect the timing of recovery of sit-to-stand function. 
